hypertension: $6,467, P < 0.001). Among patients developing CKD, all-cause mean [median] annualized costs increased significantly following CKD onset (increases for patients with diabetes: $8,829 [$4,899], P = 0.026; hypertension: $4,175 [$2,741], P = 0.004; diabetes and hypertension: $9,397 [$7,240], P < 0.001). In the post-CKD period, costs directly related to treatment of CKD accounted for 9%-19% of all-cause medical service costs-9.2% for patients with diabetes, 11.6% for patients with hypertension, and 18.8% for patients with both diabetes and hypertension.
MeThoDs: An analysis was conducted of medical claims and laboratory data with dates of service between january 1, 2000, and February 28, 2006, from a managed care database for approximately 30 million members enrolled in 35 health plans. each patient's observation period began on the date of the first diabetes or hypertension diagnosis (index date) and ended on the earlier of the health plan disenrollment date or February 28, 2006. Inclusion criteria were continuous insurance coverage in the 6 months prior to the index date and during the observation period, age at least 18 years, and at least 2 claims less than 90 days apart with a primary or secondary diagnosis for diabetes or hypertension. exclusion criteria were cancer, lupus, or organ transplantation or chemotherapy at any time during the observation period. CKD was defined as at least 1 claim with a primary or secondary diagnosis for CKD and at least 2 glomerular filtration rate values of below 60 milliliters per minute per 1.73 square meters of body surface area (60 ml/min/1.73m
2 ) at any time during the observation period. Bivariate and Tobit regression analyses were conducted to compare patients who developed CKD versus those who did not for annualized (per patient per month [PPPM] multiplied by 12) direct, all-cause, health care costs, defined as standardized net provider payments after subtraction of member cost-share. These costs consisted of outpatient services, inpatient services, and pharmacy claims. A subset analysis of the post-versus pre-CKD medical costs was also conducted for cohorts of patients with at least 60 days of observation before and after the development of CKD; that analysis measured both all-cause costs and costs for services directly related to CKD treatment (i.e., claims with a primary or secondary diagnosis of CKD or claims for dialysis services). resulTs: 11,531 patients with diabetes, 74,759 patients with hypertension, and 4,779 patients with both conditions were identified, of whom 123 (1.1%), 1,137 (1.5%), and 712 (14.9%), respectively, developed CKD during the observation period. The CKD group was older than the no-CKD group in each cohort (mean ages for CKD vs. no-CKD were, respectively, diabetes only cohort: 60.7 vs. 49.9 years, P < 0.001; hypertension only cohort: 63.6 vs. 53.6 years, P < 0.001; diabetes and hypertension cohort: 63.4 vs. 61.8 years, P < 0.001). CKD was associated with significantly higher total direct all-cause health care costs, with unadjusted annualized per patient mean [median] • Although the rate of CKD secondary to diabetes or hypertension is on the rise, the cost burden of CKD in diabetic and/or hypertensive populations has not been quantified from a managed care perspective.
What is already known about this subject
• For cohorts of patients with diabetes only, hypertension only, and diabetes and hypertension, CKD was associated with significantly higher total all-cause direct health care costs, with unadjusted annualized mean per patient costs differences of $11,814, $8,412, and $10,625, respectively (P < 0.001 for all comparisons).
• After controlling for covariates, the adjusted annualized incremental all-cause health care costs associated with CKD were still pronounced and remained statistically significant (diabetes cohort: $7,190, P < 0.001; hypertension cohort: $5,450, P < 0.001; diabetes and hypertension cohort: $9,177, P < 0.001).
• Among those patients who developed CKD during the study, the post-CKD phase was associated with a significant increase in direct all-cause health care costs: incremental annualized mean per patient costs of $8,829 (P = 0.026), $4,175 (P = 0.004), and $9,397 (P < 0.001) relative to pre-CKD, for patients with diabetes only, hypertension only, and diabetes and hypertension, respectively. According to the American Diabetes Association, people with diabetes incurred average health care expenditures of $11,744 per year ($979 per month) in 2007, of which $6,649 ($554 per month) was attributed to diabetes. 5 Moreover, patients with both diabetes and hypertension incurred much higher annual health care costs than did patients with diabetes or hypertension alone ($13,446, $8,493, and $8,424, respectively). 6 The rate of CKD secondary to diabetes and/or hypertension is on the rise, and the related health care costs represent a significant economic burden. Consequently, this topic has gained increased attention.
1,2 However, to the best of our knowledge, the cost burden of CKD in patients with diabetes and/or hypertension has not been documented from a managed care perspective. The purpose of the current analysis was to quantify the incremental health care costs associated with CKD in managed care cohorts with diabetes only, hypertension only, and both diabetes and hypertension.
■■ Methods Data Source
De-identified health care claims and laboratory data from the Integrated HealthCare Information Services (IHCIS) National Managed Care Benchmark Database with dates of service between January 1, 2000, and February 28, 2006, were used to conduct the analysis. The IHCIS database included complete medical and pharmacy claims for more than 30 million managed care members from over 35 health care plans, covering all census regions of the United States. Data elements used in the present analysis included enrollment records, patient demographics, inpatient and outpatient medical claims, pharmacy dispensing claims, and laboratory results. Laboratory results from the IHCIS database are available for the subset of patients tested within a given carrier's laboratory network, representing approximately 10% of the IHCIS population. In order to develop a database that accounts for differences in provider contracting and other pricing variations, IHCIS developed several approaches (e.g., proprietary algorithms and multivariate models) for standardizing pricing for different service categories (inpatient facility, outpatient facility, professional services, ancillary services, and pharmacy claims) across health plans. The resulting cost figures are therefore comparable across health plans and reflect net provider payments after subtraction of member cost-share.
Study Design
A retrospective, parallel-group design was employed to compare patients who developed CKD versus those who did not in 3 distinct cohorts: patients with diabetes only, patients with hypertension only, and patients with both diabetes and hypertension ( Figure 1 ). Each patient's observation period spanned from the date of the first diabetes or hypertension diagnosis (index date) until the end of health plan enrollment or the defined study end date of February 28, 2006, whichever occurred earlier. For those patients who developed CKD during the observation period, the pre-and post-CKD periods were defined based on the first CKD claim.
To be included in the study sample, patients were required to meet all of the following criteria: (a) continuous health plan coverage in the 6 months prior to the index date and during the observation period, (b) at least 2 claims less than 90 days apart with a primary or secondary diagnosis for diabetes ( ) during the observation period. Patients were excluded from the study if they had received an organ transplant or had lupus, cancer, or received chemotherapy at any time during the observation period. The rationale behind these exclusion criteria is that these conditions generally result in substantial medical allowed charges, which are independent of CKD per se and would, therefore, potentially bias the estimation of the costs associated with CKD. We measured all-cause health care costs instead of costs specific to CKD for 2 main reasons: (a) we conducted the current study from the managed care perspective; therefore, our objective was to quantify the overall cost change associated with a diagnosis of CKD, since health plans are paying for all charges, not the CKD-related charges only; and (b) we wanted to contrast our results with recent findings from the USRDS report, which reported all-cause medical costs.
We imposed a minimum of 6 months of insurance coverage prior to the index date to assess the baseline characteristics of the study population in order to appropriately control for confounding factors in the multivariate analysis. No further minimum follow-up time was imposed during the observation period to avoid introducing potential bias such as survival or observation Diabetes only study population n = 11,531
No-CKD cohort n = 11,408
CKD cohort bias. However, for the analysis that compared pre-CKD costs with post-CKD costs in the subgroup of patients who developed CKD during the study period, we required at least 60 days of observation in each of the 2 time periods to mitigate the effects of very short observation periods on study results.
Definition of CKD based on eGFR
Estimated GFR values were calculated using the Modification of Diet in Renal Disease (MDRD) study abbreviated formula, 7 based on serum creatinine value, age, gender, and ethnicity:
where S Cr = serum creatinine value. Because the patient ethnicity variable was not available in the database, non-African American race was assumed in the eGFR calculation. CKD was defined as an eGFR value below 60 mL/min/1.73m 2 (i.e., stages 3 to 5).
Outcome Measures
The Inpatient services were obtained from the IHCIS Inpatient Confinement table, which provides a summarized record for each inpatient episode with a length of stay of at least 1 day from an acute care hospitalization or skilled nursing facility setting. The database includes a single record for every hospitalization observed during the data period. Included in the record are the admitting and discharge dates; length of inpatient stay; ICD-9-CM codes for admitting diagnosis, up to 5 "other" diagnoses, and discharge diagnosis; and total standardized cost amount for the inpatient stay, including the costs of drugs used during the stay. The IHCIS inpatient record excludes professional services that have been rendered and billed separately during the confinement period; these are reported in the Medical Claims (professional and noninpatient) table. Finally, the IHCIS Pharmacy Claims table summarizing claims submitted by pharmacies for outpatient drugs was used to measure pharmacy costs.
Statistical Analysis
Both descriptive and multivariate analyses were conducted to determine the incremental all-cause costs associated with CKD relative to no-CKD in cohorts of patients with diabetes only, hypertension only, and both diabetes and hypertension. For each cohort, descriptive bivariate statistics were used to compare groups of CKD and no-CKD for medical costs, and cost differences were assessed as both incremental costs and cost ratios. Incremental cost was defined as the weighted average annualized per patient cost of the CKD group minus the weighted average annualized per patient cost of the no-CKD group. Because the observation period of each patient was used as the weight, the annualized per patient cost represents the mathematical equivalent of a standard PPPM value (aggregated costs divided by aggregated months, with both values summed across all patients) multiplied by 12 but produces a value for each patient, allowing for statistical testing. Costs for CKD patients were divided by costs for patients without CKD to obtain the cost ratio.
Cost differences were also used to compare annualized direct health care costs between the pre-CKD and post-CKD periods among patients who developed CKD, weighted by the lengths of the pre-CKD and post-CKD observation periods. A minimum of 60 days of observation pre-and post-CKD was imposed for the analysis evaluating the change in all-cause health care costs following a diagnosis of CKD. We also reported the cost of treating CKD, that is, costs for claims with a primary or secondary CKD diagnosis and claims for dialysis services for the post-CKD period. In addition, PPPM costs for each of the 12 months before and after the first CKD diagnosis were calculated and plotted over time to illustrate the cost impact of CKD development.
Multivariate analyses were also conducted to adjust for potential confounding factors (that may otherwise contribute to increased costs) in estimating the incremental cost burden of CKD. Because of the non-normality of the health cost outcome variables, which are truncated at zero and positively skewed, a Tobit regression model was used to estimate the adjusted annualized incremental costs associated with CKD, as measured by the marginal effect for the CKD group after controlling for other covariates. Covariates used for adjustment in the regression models were age, gender, and diagnoses representing additional baseline comorbidities. These diagnoses included acute myocardial infarction, other acute and subacute forms of ischemic heart disease, and old myocardial infarction (ICD-9-CM: 410.xx, 411.xx, and 412.xx, respectively); angina pectoris (ICD-9-CM: 413.xx); cardiac dysrhythmias, tachycardia unspecified, and palpitations (ICD-9-CM: 427.xx, 785.0, and 785.1, respectively); heart failure (ICD-9-CM: 428.xx); other forms of chronic ischemic heart disease (ICD-9-CM: 414.xx); unspecified hypertensive heart disease (ICD-9-CM: 402.9x); cardiomegaly (ICD-9-CM: 429.3); and cerebrovascular disease (ICD-9-CM: 430.xx-437.xx). All comorbidities were identified through claims with a primary or secondary diagnosis in the 6 months prior to the index date.
The models also included a covariate for hospitalization with an admitting diagnosis of cardiovascular disease (CVD) in the 6-month baseline period. Statistical comparisons between cohorts of patients were conducted using the Pearson chi-square test for categorical variables and the 2-sided Student's t-test for continuous variables. In both cases, a 2-sided alpha error of 0.05 was used to declare statistical significance. All statistical analyses were performed using SAS version 9.1 (SAS Institute, Inc., Cary, NC). [10.7] years, P < 0.001). The proportion of women was lower in the CKD group than in the no-CKD group in the hypertension only cohort (46.5% vs. 53.4%, P < 0.001) and the diabetes and hypertension cohort (40.3% vs. 53.3%, P < 0.001).
■■ Results Baseline Characteristics of the Study Populations
Overall, the CKD group had a higher rate of CVD during the 180 days prior to the index date than did the no-CKD group, with predominance of coronary artery disease (diabetes: 17.1% vs. 5.0%, P < 0.001; hypertension: 11.4% vs. 5.5%, P < 0.001; diabetes and hypertension: 11.5% vs. 8.1%, P < 0.001) and cardiac arrhythmia (diabetes: 13.0% vs. 5.0%, P < 0.001; hypertension: 8.5% vs. 6.7%, P = 0.012; diabetes and hypertension: 7.3% vs. 6.3%, P = 0.338).
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Denotes statistically significant comparison (P < 0.05) of No-CKD versus CKD using a Pearson chi-square test for comparisons of categorical variables and a Student's t-test for the comparison of age and observation period. b Measured during 180 days prior to index date. c Acute myocardial infarction, other acute and subacute forms of ischemic heart disease, and old myocardial infarction (ICD-9-CM: 410.xx, 411.xx, and 412.xx, respectively). d Angina pectoris (ICD-9-CM: 413.xx). e Cardiac dysrhythmias, tachycardia unspecified, and palpitations (ICD-9-CM: 427.xx, 785.0, and 785.1, respectively). f Heart failure (ICD-9-CM: 428.xx). g Other forms of chronic ischemic heart disease (ICD-9-CM: 414.xx). h Since there are no specific ICD-9-CM codes for identifying left ventricular hypertrophy, we used unspecified hypertensive heart disease (ICD-9-CM: 402.9) and cardiomegaly (ICD-9-CM: 429.3) codes to identify left ventricular hypertrophy. i Cerebrovascular disease (ICD-9-CM: 430.xx-437.xx). CKD = chronic kidney disease; CVD = cardiovascular disease; HTN = hypertension; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical
Modification.
Unadjusted All-Cause Health Care Cost Difference: CKD Versus No-CKD
In all 3 cohorts, CKD was associated with significantly higher total direct all-cause health care costs ( ,637], P < 0.001). The corresponding cost ratios for the CKD diabetes, hypertension, and diabetes and hypertension cohorts relative to no-CKD groups were 2.8:1, 2.4:1, and 2.0:1, respectively. The largest driver of the all-cause mean cost difference associated with CKD for each cohort was hospitalization cost (diabetes: $6,410, P < 0.001; hypertension: $5,498, P < 0.001; diabetes and hypertension: $6,467, P < 0.001). Stratified analyses by duration of observation period (subsets of patients with < 12 months of observation and ≥ 12 months of observation) produced similar findings; however, both total annualized costs and the incremental annualized cost differences were much higher for patients with shorter observation periods.
Adjusted Cost Burden of CKD Relative to No-CKD
After controlling for covariates, the adjusted annualized incremental all-cause health care costs associated with CKD were 
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Change in All-Cause Health Care Costs Following a Diagnosis of CKD
Among patients who developed CKD during the observation period and who had at least 60 days of observation both pre-CKD and post-CKD, the post-CKD phase was associated with a significant increase in total direct all-cause health care costs (Table 4) , with mean incremental annualized per patient costs of $8,829, $4,175, and $9,397 relative to pre-CKD, respectively (diabetes cohort: $22,062 vs. $13,233, P = 0.026; hypertension cohort: $15,540 vs. $11,365, P = 0.004; diabetes and hypertension cohort: $24,171 vs. $14,774, P < 0.001). The corresponding cost ratios for the post-CKD diabetes, hypertension, and diabetes and still pronounced and remained statistically significant (diabetes cohort: $7,190, P < 0.001; hypertension cohort: $5,450, P < 0.001; diabetes and hypertension cohort: $9,177, P < 0.001; Table 3 ). Among other statistically significant variables for most cost components were age, gender, and baseline history of coronary artery disease. As in the unadjusted results, regression analysis by cost category revealed that the largest driver of the adjusted incremental cost associated with CKD was cost of hospitalizations (diabetes cohort: $4,331, P < 0.001; hypertension cohort: $3,605, P < 0.001; diabetes and hypertension cohort: $6,225, P < 0.001; data not shown). were studied. Both unadjusted and adjusted results consistently indicated that CKD was associated with significantly higher all-cause health care costs in patients with diabetes, hypertension, and both conditions (mean annualized unadjusted differences of $11,814, $8,412, and $10,625, respectively). The largest driver of health care cost differences between the CKD and no-CKD groups was cost of hospitalizations. Among patients who developed CKD, the post-CKD phase was also associated with significantly higher health care costs, with cost increases of approximately 67%, 37%, and 64% compared with the pre-CKD period for the diabetes, hypertension, and diabetes and hypertension cohorts, respectively. For patients who developed CKD, approximately 9%-19% of all-cause health care costs were directly attributable to treatment of CKD.
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Since a large percentage of people with kidney disease have diabetes and/or hypertension (the major causes of kidney failure), it is possible that early profiling and active management of patients with CKD might prevent or delay progression to more advanced costly stages of CKD including ESRD and the associated complications. Patients with a decline in renal function will generally notice no symptoms until their kidney function is reduced by 50%-75%. 8 By screening at-risk patients regularly, referring those with early abnormal kidney test results to nephrologists, and having an organized system for recall and hypertension cohorts relative to pre-CKD were 1.7:1, 1.4:1, and 1.6:1. CKD-related combined outpatient and inpatient services (i.e., medical claims with a primary or secondary CKD diagnosis or claims for dialysis services) accounted for 9% to 19% of allcause medical services costs during the post-CKD period (diabetes cohort: $1,746, 9.2%; hypertension cohort: $1,616, 11.6%; diabetes and hypertension cohort: $4,057, 18.8%).
For each cohort, all-cause medical costs were at their highest level during the first 3 months following the first CKD diagnosis (Figure 2 ). Mean PPPM costs for the diabetes cohort were $1,163 and $1,386 during the 9-month periods preceding and following CKD onset, respectively, while they were $736 and $1,295 for the hypertension cohort, and $1,089 and $1,573 for the diabetes and hypertension cohort during the same corresponding CKD phases.
■■ Discussion
We conducted this retrospective parallel-group study to assess the cost burden of CKD in cohorts of patients with diabetes only, hypertension only, and diabetes and hypertension who developed CHF, which typically involves higher medical costs, and that our estimates also include pharmacy costs.
The present study had the advantages of a large sample size and the availability of laboratory results data, which enabled us to ascertain CKD status based on the eGFR measurement. CKD patients had higher morbidity at baseline, as reflected by more comorbidities and a greater proportion of patients with previous hospitalization related to CVDs. In addition, patients with CKD were more likely to use medical services in general due to their older age. Multivariate analyses, which controlled for these confounding factors, revealed that CKD was independently associated with increased medical costs.
Limitations
First, claims databases may contain inaccuracies or omissions in coded procedures or diagnoses, costs, or laboratory results. monitoring, primary care providers could make a significant difference to their patients long before they experience the first symptoms. 8 The present study was the first to investigate the costs associated with the development of CKD in patients with diabetes and/or hypertension in a managed care population. The USRDS reported that PPPM all-cause combined inpatient and outpatient costs for CKD patients reached $1,294 in 2005. 1 This figure is an average of the monthly cost of $2,113 for those CKD patients with diabetes and congestive heart failure (CHF), $831 for CKD patients with diabetes alone, and $780 for CKD patients with neither diabetes nor CHF. The estimated post-CKD monthly costs of $1,386 for the diabetic group, $1,295 for the hypertensive group, and $1,573 for the diabetic and hypertensive group reported in the current study are fairly comparable with the USRDS estimates, considering that we imposed no exclusion criteria for patients 
CKD Phase
First CKD Diagnosis patients with diabetes and/or hypertension. Early identification and assessment of CKD among diabetic and/or hypertensive patients may have the potential to reduce the utilization of health care resources and may also improve patient and clinical outcomes by delaying progression to more advanced costly stages of CKD.
■■ Conclusion
Despite limitations associated with a retrospective observational design, this large study demonstrated that CKD was associated with a significant increase in all-cause health care costs in patients with diabetes and/or hypertension. The cost difference associated with CKD remained significant after adjusting for important comorbidities that may otherwise contribute to the increased costs. Among patients who developed CKD, costs directly attributable to CKD treatment represented 9%-19% of total all-cause medical service costs. Further studies are warranted to evaluate whether earlier identification of CKD could prevent cost escalations in patients with diabetes and/or hypertension.
Second, because patient ethnicity data were not available in our database, eGFR values for African-American patients were underestimated by a small increment because of the omission of this factor for the calculation. The measurement errors of the eGFR values affected the estimated subset of African-Americans, about 10% of the total employed population. 9 The consequence of this omission is that some African-Americans may have been included in the CKD group, although they should not have been considered CKD patients. Considering that CKD patients incur higher medical costs, this subset of patients would have lowered the average costs of the CKD group. Therefore, from this perspective, we can qualify our estimate of the cost burden due to CKD as conservative.
Third, the study evaluated only direct medical costs. Information to determine the indirect costs of CKD, such as work productivity loss and reduced quality of life, was not available. Despite our attempt to control for measured covariates through multivariate analyses, we do not know the extent to which unmeasured confounding factors influenced the total all-cause cost differences observed in the current study.
Fourth, the observational design was susceptible to various biases. We recognize that a randomized trial may be the ideal way of addressing this question; however, it is impossible to randomize patients to develop CKD. It would be possible, on the other hand, to randomize patients to a program of early and intensive intervention versus standard care to evaluate the effects of early profiling and active management on the progression of CKD. Future research studies that address this issue are warranted. In the absence of such randomized trials, well-designed observational studies with appropriate statistical techniques adjusting for confounding factors provide valuable information with real-life scenarios and high generalizability. In the current analysis, we tried to identify the cost increase associated with CKD by comparing the costs in the CKD group with the costs in a reference no-CKD group. A subset analysis was conducted to compare the pre-versus post-CKD all-cause costs for patients developing CKD.
Fifth, the current study may also suffer from detection bias. Indeed, because laboratory results and diagnoses were not collected at pre-specified intervals as in randomized clinical trials, false negatives of CKD could have occurred in patients who did not seek care (especially those who did not have symptomatic manifestations). Furthermore, since laboratory results are available only for a subset of beneficiaries tested within a given carrier's laboratory network, representing approximately 10% of the IHCIS population, it is possible that we are under-estimating the prevalence of CKD development. Finally, our database excluded information about long-term nursing home care.
Previous studies have demonstrated the detrimental health effects and associated costs of CKD-related complications such as anemia. [10] [11] [12] [13] [14] The current study reported an adverse economic association between CKD and all-cause health care costs in
